Objective: To determine the incidence and risk factors of accidental extubation (AE) in a tertiary neonatal intensive care unit.
Introduction
Assisted ventilation (AV) through an endotracheal tube is used in the treatment of airway obstruction or respiratory failure 1 and has contributed to the increased survival of newborns. 2 AV-related adverse effects are common, and, among them, accidental extubation (AE) has been reported as the most frequent event in adult patients. 3 In neonatal intensive care units in the United States, AE is the fourth most common adverse event. 4 AE or unplanned extubation is defined as every unexpected or nonelective extubation 5 3 Helymar da Costa Machado 4 in the diagnosis of this event, such as: tube displacement, presence of vocalization, sudden and unexplained air escape, gastric distension, radiologic evidence of endotracheal tube malpositioning, 5 sudden cyanosis or desaturation, and absence of respiratory movements or breathing. 2 AE may require urgent reintubation in less controlled situations, often with repeated attempts, increasing the risk of laryngeal injury, and the consequent stridor, 6 and physiologic changes such as hypoxemia and increased blood and intracranial pressure. 7 Data on the incidence of AE in neonatal intensive care units are scarce. In these units, incidence ranges from 0.72 to 4.8 AE per 100 patient-days ventilated, 2, [8] [9] [10] [11] values that are higher than those found in pediatric intensive care units (0.11-2.7/100 patientdays). 5, 8, [12] [13] [14] Given the importance of this potentially preventable adverse effect, AE rate has been used as an indicator in the assessment of the quality of medical care. 15 Taking into consideration AE-associated morbidity, 2 it seems important that neonatal units establish the incidence of this adverse event and be informed about associated risk factors in order to be capable of identifying the need to implement interventions and measure their results. 10, 11 The objective of this study was to establish AE density per 100 patient-days ventilated in a neonatal intensive care
unit, in addition to identifying the occurrence of periodic events and newborn-related risk factors for AE.
Patients and methods

A prospective cohort study was conducted between
September 2006 and July 2008 involving newborns with tracheal intubation admitted to the neonatal intensive care unit of a tertiary teaching hospital.
All newborns receiving AV for at least 12 hours were included, regardless of the route of intubation. Exclusion criterion was death before 24 hours of life.
AE was defined as every episode of unplanned tube removal or loss during intensive care, regardless of when or how it occurred, being identified by partial or total displacement of the endotracheal tube and/or impaired breathing on chest auscultation, whether or not these findings were confirmed by laryngoscopy. Episodes requiring tube replacement due to confirmed or suspected obstruction were not included.
The researcher in charge visited the unit daily, including weekends, to verify, in person, the number of newborns on AV and the route of intubation used. All newborns were followed up until AV was discontinued. Information on the occurrence of AE was obtained from reports by the physician and nursing staff and double checked on medical records.
Nasal intubation was the routine procedure in the unit, and the oral route was an alternative to technical difficulties during nasal insertion. Tube fixation was performed by the physician in charge of the procedure, and tube position was confirmed by radiography, being considered appropriate when the tip of the tube was placed at the level of T1. 16 The staff nurses in charge performed routine tube fixation, with no predetermined periodicity, based on necessity, due to loss of fixation (adherence) and/or presence of secretion. Tube aspiration was performed by the nursing staff or physical therapists whenever necessary.
Newborns on AV received analgesia with a continuous In addition to intubation route, other variables were studied: birth weight, gender, gestational age (GA), use of sedation and analgesia during AV, and total ventilation time (and AV duration for each intubation route) per entire day, considering the first and last day on AV.
GA was determined according to the methods by Capurro 17 or New Ballard 18 or based on the estimates by early echography or amenorrhea.
In addition to absolute monthly AE numbers, AE density was calculated per each 100 patient-days ventilated. This rate was obtained by dividing the absolute number of accidental extubations occurred in a month by the total number of patient-days ventilated multiplied by 100. Each day on ventilation was considered as one patient-day. 19 This study was approved by the Research Ethics Committee of the institution, and the children's parents or guardians signed a written consent inform.
Sample size (n = 222) was calculated to establish the incidence of the main infectious and mechanical complications of AV; in the present study, we decided to describe only AE. The AE rate used in sample size calculation was 2.7 AE/100 patient-days, 12 with an alpha of 0.05 and sampling error of 2.5%. Weighted sampling error was obtained for each complication so that the lower confidence limit did not restrict incidence to values 50% greater than the reference values adopted.
Variables were compared between groups with and without AE using the chi-square test and the Mann-Whitney test. Values for overall AE density and each intubation route were calculated per month. To establish the presence of periodicity in monthly AE rates, we used Cosinor analysis 20 by means of nonlinear regression and estimated the values of 
Results
During the 23-month study period, 222 newborns required AV, totaling 2,563 patient-days ventilated.
Fifteen subjects did not meet the inclusion criteria: AV duration was less than 12 hours (n = 1), and parents or guardians were not found to sign the written consent form (n = 14). Six newborns were excluded due to death before 24 hours of life.
Of the total study subjects, 119 were included in AE rates in more than one month, because AV duration was The frequency of subjects using only one intubation route, either the nasal or oral route, was: 45.4 and 21.8%; 58.7 and 23.0%; 63.8 and 27.5%, respectively for weight < 1,000 g, 1,000-2,500 g, and > 2,500 g. Forty-three subjects were intubated using both the nasal and oral routes and at any sequence.
Subjects with and without AE were significantly different in all variables, except for distribution according to gender and presence of analgesia/sedation (Table 1) . Subjects Table 2 .
The occurrence of significant periodicity was verified in overall AE density of the period (Figure 1 Table 3 Univariate logistic regression analysis for accidental extubation (n = 222) 95%CI = 95% confidence interval; AV = assisted ventilation; GA = gestational age; RR = relative risk.
AV duration with the best accuracy for total AE occurrence and for nasal and oral routes was achieved, respectively, at 10.5 days, 7.5 days, and 5. 
Discussion
In a cohort of 222 newborns, we obtained a mean AE rate of 5.34/100 patient-days ventilated in a neonatal intensive care unit of a tertiary teaching public hospital.
AV duration was the independent predictor of these events, and AV time of 10.5 days showed the best accuracy for the occurrence of AE. A significant periodicity of AE incidence rate was observed. A cyclical pattern was also observed in the number of patient-days ventilated with a positive correlation between this variable and AE numbers.
AE has been the object of several studies in adult and pediatric intensive care units. 3, 5, 12, 13, [22] [23] [24] [25] However, we identified only a few publications analyzing, in the neonatal age group, incidence and circumstances accompanying AE, 2,8-10 total AV time, 2 length of hospital stay and mortality in extubated patients, 2 association between types of fixation and AE, 10 and one intervention study to reduce AE. 11 The extubation density obtained in this study is higher than that reported in previous studies, 2,8-11 and, in some months, unacceptably high rates were observed, revealing the need for the implementation of an effective intervention. In addition to the factors analyzed to explain the high AE rate in this unit, we should also consider characteristics inherent in a teaching public hospital, which provides training to multiprofessional teams and care to high-risk newborns (3-4% of very low birth weight newborns). Furthermore, as suggested by some authors, 2 the clinical staff does not routinely perform laryngoscopy for suspected AE, which could reduce some occurrences of tube replacement associated with false extubation episodes. Other factors, previously described, such as length of hospital stay, 13, 26 patient restlessness or agitation, 26 insufficient sedation and restraint, 8, 22 orotracheal intubation route, 22 inaccurate tube fixation, 2,22 and AV duration, 13,25 may contribute to AE.
Regarding the last aspect mentioned, this study showed that a longer AV duration was the most significant predictor alone of AE in the study sample. Every day on ventilation increased AE risk in 2-3%. Other studies have also suggested that a longer AV duration may have an effect on AE, but they have not quantified the risk. 2, 9, 10, 13, 25 This study determined that AV time of 10.5 days has 79.6% of accuracy in identifying the occurrence of AE in this unit. This information may be very useful in reducing AE, since it indicates a suitable moment for extubation.
In pediatric units, a factor associated with AE is the child's age. 13 Based on similarity, one could assume that newborns with lower weight and GA are more likely to have AE episodes, since they have a smaller body surface area available to tube fixation and receive AV for longer periods of time. It is well known that newborns < 1,500 g and < 28
weeks are more affected by all types of adverse effects in neonatal units. 4 However, in the present study, weight and GA were different between groups with and without AE, but did not remain significant in the multiple analysis, although there is a trend toward risk (p = 0.095 and 0.073) for newborns less than 1,000 g and 28 weeks, respectively. On the other hand, we observed that AE rates by weight were higher among newborns > 2,500 g, indicating a possibility of inadequate sedation/analgesia or the need for a higher level of care in this group of children.
Adequate sedation has been related to a better management of AE. 3, 23 In our study, AE rates were higher in newborns without sedation/analgesia, but this variable was not associated with AE, probably due to the limited number of subjects without sedation/analgesia (12.2%). However, we cannot confidently state the level of sedation/analgesia in these subjects, since this variable was not assessed.
There is no strong evidence showing that a choice of either of the intubation routes could reduce AE. 27 Similarly, this study did not identify intubation route as a risk factor for AE. We observed, however, that newborns using both routes during AV had the highest risk (4.73 times) for AE.
Analyzing this group in more detail, we observed that these are the newborns with significantly lower weight and GA and longer AV duration, which justifies the risk associated with this group.
Access route as a preventive measure for AE remains an open question, which might be satisfactorily answered by multicenter clinical trials with a large number of subjects. 27 A finding of this study, not previously mentioned, is the number of patient-days ventilated as a risk factor for AE, which might correspond to a greater need for nursing care.
Once the nurse-to-patient ratio in this unit was established, about was a professional at the patient's bedside. 9 We investigated the presence of AE periodicity to This study has some limitations, such as the absence of an analysis of variables that could better define the focus of intervention measures. Thus, the shift in which AE occurred, 29 as well as nurse-to-patient ratio, or even caregivers' technical education and experience in intensive care 29 are variables that could more clearly define the focus for action. Moreover, for some of the studied variables, as well as for lower weight and GA ranges and number of subjects using the oral route, sample size may yield inadequate results.
The occurrence of AE can be considered as acceptable, since the attempt to keep AE rates close to zero may increase the use of sedation and prolong AV duration, in addition to causing stronger fixation of the tracheal tube, with a risk of soft tissue necrosis. 2 Nevertheless, the results of the present study suggest that there is a need to adopt measures intended to reduce the incidence of AE focusing on a more appropriate nurse-to-patient ratio, in addition to offering continual education programs to the multiprofessional team.
Likewise, early extubation intended to reduce AV duration should be another strategy to reduce AE, as well as the use of noninvasive ventilation techniques, which seems to be a promising alternative in the attempt to minimize adverse effects related to traditional ventilation approaches. 30
